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[57] ABSTRACT 

A high speed camera takes an image in the vicinity of a ball 
3 and a club head 12, while a high speed camera 5 takes an 
image in the vicinity of the top of the swing of a golfer 1, 
and the images are recorded in a high speed video tape 
recorder 6. Hie recorded images are reproduced, swing time, 
a swing speed and a head speed are detected using a personal 
computer 15, and a shaft with an optimum flex for the golfer 
is selected based on the swing time, the swing speed, the 
swing time and the head speed, or the swing speed and the 
head speed. 

2 Claims^ 13 Drawing Sheets 
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SHAFT SELECTION AIDING APPARATUS 
FOR SELECTING OPTIMUM SHAFT FOR A 
GOLFER 

HELD OF THE INVENTION 

The present invention relates generally to an apparatus for 
selecting a shaft with an optimum flex for a golfer, and more 
particularly, to an apparatus for selecting an optimum flex 
for a golfer by which the golfer can select a shaft with a flex 
the most suitable for him/her. 

DESCRIPTION OF THE BACKGROUND ART 

Golf clubs having a variety of shaft flexes are available, 
and a golfer must select a golf club with a flex the most 
suitable for him/her. Conventionally, an optimum flex for a 
golfer used to be determined based only on a head speed 
produced from time required for a club bead to move over 
a fixed distance till impact. 

In recent years, as more people enjoy playing golf, some 
people complain about their shafts being too stiff or being 
too flexible. Such complaints do not agree with the head 
speed standards. Manufactures have changed their standards 
into a variety of forms from time to time accordingly, but all 
such new standards are still based on head speed standards, 
and other measures have not been taken. 

The flex standards described herein are based on fre- 
quency values, and standards based on values representing 
the tip deflection of a shaft plumped horizontally at the butt 
end by hanging established weight on the tip are also 
encountered with the same problem. The following Table 1 
sets forth the relation between basic flexes and their fre- 
quencies. 



TABLE 1 



Rex 


Frequency (cpm) 


L 


235 X 10 


A 


245 ± 10 


R 


260 T 10 


S 


275 * 10 


X 


290 ± 10 


XX 


300 ±10 



The inventors et al. conducted sensory evaluation in 
which a number of amateur golfers appreciated items such 
as "carry distance", "directional controllability", and "readi- 
ness of timing" about golf clubs (drivers) with different 
flexes. As a result, no significant difference was found about 
the two items "carry distance" and "directional 
controllability", while people supposed to use flexes about 
in the range from 270 to 280 cpm (cycle per minute) with 
head speeds in the range from 42 to 45 m/sec according to 
a conventional selecting method selected shafts whose flexes 
vary from 249 to 288 cpm. The inventors et al. therefore 
came to believe that an optimum flex for a golfer cannot be 
determined based only on a head speed. 

Note that the swing speeds were also measured at 0.01- 
second intervals from 0.1 second before till the top of the 
swing, errors of swing speeds by a number of golfers were 
smallest at 0.08 second before the top of the swing, and 
therefore swing speeds were limited to those at 0.08 second 
before. 

As a result of a study for providing golfers with shafts 
with optimum flexes, the inventors et al. came to a conclu- 
sion that the speed of a club head at 0.08 second before the 
top (hereinafter referred to as swing speed) rather than the 
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speed at the top of the swing, i.e., the state in which the head 
completely stays still, the amount of strain of the shaft at 
impact, swing time, and acceleration are the most critical 
factors for determining optimum shaft flexes for individual 
5 golfers. 

It is therefore an essential object of the present invention 
to provide an apparatus for selecting a shaft with an opti- 
mum flex for a golfer which makes it possible for the golfer 
to find a point the most suitable for timing or a flex the most 
10 comfortable to hit by measuring one of swing time, swing 
speed, acceleration and the amount of deflection of a shaft. 

DISCLOSURE OF INVENTION 

An apparatus for selecting a shaft with an optimiuD flex 
for a golfer according to the present invention detects swing 
time firom the start of swing till impact, and selects a shaft 
with an optimum flex for the golfer based on the detected 

swing time. 

20 According to another aspect of the invention, the speed of 
a club head in the vicinity of the top of the swing of the club 
is detected, and a shaft with an optimum flex for a golfer is 
selected based on the detected speed. 

According to a further aspect of the invention, the accel- 

25 eration of a club head in the vicinity of the top of the swing 
is detected, and a shaft with an optimum flex for a golfer is 
selected based on the detected acceleration of the club bead. 

According to an additional aspect of the present 
invention, the movement of a club head in the vicinity of a 
ball as well as in the vicinity of the top of the swing when 
a golfer swings and hits the ball is video-taped, swing time 
from the start of the swing till impact is detected based on 
the video-taped image, the amount of deflection or the 
amount of strain of the shaft when the golfer swings the golf 
club and the hits the ball is measured, the amount of 
deflection or the amount of strain of the shaft at the top of 
the swing is detected based on the detected swing time in 
response to the measurement of deflection amount or strain 
amount of the shaft, and a shaft with an optimum flex for the 

^0 golfer is selected based on the delected output. 

According to another additional aspect of the invention, 
swing time from the start of swing till impact and the speed 
of the club head at impact are detected, and a shaft with an 
optimum flex for a golfer is selected based on the detected 
swing time and the speed of the club head at impact. 

According to a further aspect of the invention, the speed 
of a club head in the vicinity of the top of the swing and the 
speed of the club head at impact are detected, and a shaft 

5Q with an optimum flex for a golfer is selected based on the 
detected speed and the speed of the club head at impact. 

According to a still further aspect of the invention, the 
acceleration of a club head in the vicinity of the top of the 
swing and the speed of the club bead at impact are 

55 determined, and a shaft with an optimum flex for a golfer is 
selected based on the detected acceleration of the club head 
and the speed of the club head at impact. 

According to a still further aspect of the invention, the 
movement of a club head in the vicinity of a ball when a 

60 golfer swings the club and hits the ball as well as in the 
vicinity of the top of the swing is video-taped, swing time 
from the start of swing tiU impact is detected based on the 
video-taped image, the deflection amount or strain amount 
of the shaft when the golfer swings the golf club and hits the 

65 ball is measured, the deflection amount or the strain amount 
of the shaft at the top of the swing is detected based on the 
detected swing time in response to the measurements of the 
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deflection amount or strain amount of the shaft and a shaft FIG. 21 is a block diagram specifically showing the 

with an optimum flex for the golfer is selected based on the structure of the selecting apparatus shown in FIG. 20; 

detected output and the speed of the club head at impact. piG. 22 is an overview showing the selecting apparatus in 

According to a ^rther additional aspect of the invention, FIG. 20 attached to the grip; 

a shaft with an optimum flex for a golfer is selected based ^ ^iqs. 23 and 24 are flow charts for use in illustration of 

on deflection or strain. the operation of another embodiment of the present inven- 

According to a further additional aspect of the invention, tion; and 

the amount of deflection or strain of the shaft when a golf piG. 25 is a graph showing the relation between the 

ball is hit is detected using a strain gauge and thus detected amount of strain and time measured in this embodiment, 
deflection amount or strain amount is counted or expressed 

by values, BEST MODE FOR PRACTICING THE 

INVENTION 

BRIEF DESCRIPTION OF THE DRAWINGS 

. FIG. 1 is a block diagram schematically showing an 

HG. 1 is a block diagram schematically showmg an 15 image-taking/recording system for image-laking/recording 

image-taking/recording system for image-taking/recording j^e movement of a club head in one embodiment of the 

the movement of a club head m a first embodiment of the invention. In FIG, 1, a high speed camera is placed in order 

invention; ^ image of a part of a ball 3 from the front when 

FIG. 2 is a block diagram schematically showing a a golfer 1 swings a club 2 and hits the ball. A high speed 

detection device for detecting swing time and swing speeds; 20 camera 5 is placed in order to take the image of the top of 

FIG. 3 is a diagram showing an example of an image the head of golfer 1 from the front. These high speed 

displayed in the display shown in FIG. 2; cameras 4 and 5 whose number of frames is V200 sec take the 

FIG. 4 is a flow chart for use in illustration of the images at a time. Video outputs from high speed cameras 4 

procedure of image- taking/recording by the image-taking/ ^ are recorded by a high speed video tape recorder 6. A 

recording system shown in FIG. 1; metahexa light 7 is provided to illuminate golfer 1 and ball 

FIG. 5 is a flow chart for use in illustration of the P^'^.^^' to strobe-illumiiiate golfer l a strobe 

procedure of detection by the detection device shown in ^^\^ ^ P'^^^^^/ ^^^^^^^^^ ^ ^^^^^^ ^"^'^ 

2- supply 8 and emits hght in response to pressing of the 

recording button of high speed video tape recorder 6 before 

FIG. 6 is a view showmg the movement of a club head 30 1 starts swinging golf club 2. 

from 0.1 second before the top of the swing till the top of the - . , j. . « u • 

swing at 0.01-second interval; ^ f^^. 2 is a block diagram schemaUcally showing the 

_ . . . , ^, detection device for detecting swing tune, swmg speed and 

FIG. 7 is a diagram showing another embodunent of the ^^e speed of a club head at impact. As shown in HG. 2, the 

mvention; detection device is formed by a connection of a personal 

FIG. 8 is a chart showing a combined strain waveform ^5 computer 15, high speed video tape recorder 6 shown in 

according to the embodiment shown in FIG. 7; FIG. 1, a display 14, a mouse 16, and a printer 17. 

FIG. 9 is a flow chart showing the operation of the FIG. 3 is a diagram showing an image displayed in 

detection device shown In FIG. 7; display 14 shown in FIG. 2. In display 14, the image of 

FIG. 10 is a graph showing the relations of swing speeds golfer 1 taken by high speed camera 5 is displayed as an 

and combined strains at top as well as frequencies and values upper half image 11, while the image of ball 3 and club head 

by the sensory evaluation by a plurality of golfers by 12 taken by high speed camera 4 is displayed as a lower half 

first-order approximation. image 10, 

FIG. 11 is a diagram showing another embodiment of the FIG. 4 is a flow chart showing the procedure of image- 
invention; 45 taking/recording by the image-taking/recording system 

FIG. 12 is a graph showing swing speeds in time series; shown in FIG. 1. FIG. 5 is a flow chart for use in illustration 

FIG. 13 is a flow chart showing the procedure of detection of the procedure of detection by the detection device shown 

according to another embodiment of the invention; ^ 2, and FIG. 6 is a view showing the movement of a 

no. 14 IS a graph showing the relation between swing club head 12 from 0,1 second before till the top of the swing, 

speed and acceleration- 50 Now, referring to FIGS. 1 to 6, operations in one embodi- 

HG. 15 is a diagram showing another embodiment of the "'^^^^^ the invention will be described. Upon operating the 

invention- recording button of high speed video tape recorder o, 

_,_ . L L • a , .• recording is initiated and strobe light 9 activated by strobe 

RG. 16 IS a graph showing opUmutn flex selections ^ g ^^.^ ^^1^, 1 ,j 

produced from swing speed, bead speed and the result of ^ ^ ^.^.^j ^ ^ ^ 

sensorv evaluation; -^-^ ^ * j . • • • r *l * r -» • 

^ ' camera 4, and an image in vicinity of the top of golfer 1 is 

FIG. 17 is a graph showing optimum flex selections taken by high speed camera 5, and these images are recorded 

produced from the amount of stram at top. head speed and ^^^^^ ^^^^^ recorder 6. When another swinging 

the result of sensory evaluation; ^ video-taped, high speed video tape recorder 6 is stopped 

FIG. 18 is a graph showing optimum flex selections temporarily, and the same operation is repeated once again, 

produced from swing time, head speed and the result of When the swinging is over, recording by high speed video 

sensory evaluation; tape recorder 6 is stopped. 

FIG. 19 is a graph showing optimum flex selections After such images are recorded by high speed video tape 

produced from acceleration, head speed and the result of recorder 6, the tape is rewound. Then the tape is reproduced, 

sensory evaluation; 65 and the images taken by the image-taking/recording system 

FIG. 20 is a diagram showing another embodiment of the is displayed in display 14. The tape is then forwarded frame 

invention. by frame by JOG/SHATLE to the start of the swing, the time 
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of the Stan of the swing at which club head 12 starts moving 
and the time of impact at which club head 12 hits ball 3 from 
image 10 are detected, and a period of time required from the 
start of the swing till impact, i.e., swing time is detected. 

The tape is then rewound and forwarded using the JOG/ 
SHATLE to the point 0.1 second before golf club 2 com- 
pletely stands still over the bead io the swing, in other words 
0.1 second before the top of the swing, and high speed video 
tape recorder 6 is stopped at the point. Based on an original 
calculation program of personal computer 15, mouse 16 
moves the cursor on the image displayed in display 14 for 
digitizing, and various data is input to produce a swing 
speed. FIG. 6 is a view showing the movement of club head 
12 until the top of the swing at 0.01*second intervals. 

The tape is then forwarded using JOG/SHATLE and 
stopped before impact at which club 12 hits ball 3. Based on 
an original calculation program of personal computer 15, 
mouse 16 moves the cursor displayed in display 14 for 
digitizing, and various data is input to produce a head speed. 

The above-described head speed is produced by the 
image-taking/recording system shown in FIG. 1 and the 
detection device shown in FIG, 2, but the method should not 
be taken limitatively and the head speed can be produced by 
using an optical sensor or a magnetic sensor or the like. 

The relation shown in the following Table 2 is established 
between swing speed and optimum frequency. 

TABLE 2 



Swing Speed 


Optimum Frequency (cpai) 


2.0 


250 


3.0 


269 


4.0 


278 


5.0 


281 



The relation in Table 2 is prestored in personal computer 
15 so that a golf club whose shaft has an optimum flex for 
a golfer 1 is selected, the selected club is displayed in display 
14, and the result is printed in a printing sheet by a printer 
17. 

According to the embodiment of the invention, the swing 
speeds of individual golfers are detected, and therefore a 
golf club having a shaft flex which makes it easiest for each 
golfer to time or hit can be selected. 

In the above-described embodiment, the swinging of 
golfer 1 is image-taken using high speed cameras 4 and 5, 
but the method should not be taken limitatively, and home 
video units such as 8 mm video camera and C-VHS video 
camera may be used, or the speed in the vicinity of the top 
of the swing may be detected using an optical sensor in order 
to detect a swing speed. 

FIG. 7 shows another embodiment of the invention. In 
this embodiment, the amount of strain of the shaft of golf 
club 2 during swinging is measured, an optimum frequency 
corresponding to the amount of strain is produced to select 
a flex. More specifically, as shown in FIG. 7, single direction 
strain gauges 20 are attached at the point 19 located 340 mm 
from the end 18 of golf club 2 along two directions, the 
direction of shot and the direction of heels (body) (refer to 
the cross section), single strain gauges 20 are connected to 
bridge boxes 21, and strain waveforms during swinging are 
output to an FFT analyzer 23 through a strain amplifier 22. 
The sound of impact between club head 12 and ball 3 is 
collected by a microphone 24 as a sensor trigger input, based 
on which impact time is set to a fixed time point. 

RG. 8 shows an example of a thus measured combined 
strain waveform. As shown in FIG. 8, the amount of strain 



10 



15 



20 



25 



30 



35 



of the shaft is largest in the vicinity of the lop while 
swinging, while golfer 1 can determine best in the vicinity 
of the top if the swinging is well timed or not, and therefore 
the amotmt of strain at the top is measured. 

FIG. 9 is a flow chart for use in illustration of the 
operation of the detection device shown in FIG. 7, and FIG. 
10 is a graph showing the relation between swing speeds of 
a number of golfers and the amounts of combined strain at 
the top for several frequencies as well as the swing speeds 
and values produced by sensory evaluations by first-order 
approximation. 

As shown in FIG. 9, golf club 2 is brought to a free state, 
and the amount of strain is set to 0 by strain amplifier 22. 
When a golfer swings golf club 2, the sound of the club 
hitting the ball is collected by microphone 24, and input by 
the sensor trigger. The amount of strain upon swinging golf 
clubs 2 is detected by single strain gauges 20 and input to 
FFT analyzer 23 from bridge boxes 21 through strain 
amplifier 22. It is determined if strain waveform data is 
taken in normally, and if not, golf club 2 is once again 
swung. If the data is normally taken in, waveform data is 
input, the strain waveforms along the two directions are 
combined, and the combined strain waveform at the top is 
detected. The swing speeds of a plurality of golfers and the 
combined strain amounts at the top for various frequencies 
as well as the swing speeds and values produced &om the 
sensory evaluations are expressed by first-order approxima- 
tion in FIG. 10. The first-order approximation straight lines 
shown in FIG. 10 are expressed as follows: 

249(cpm):yi054x (1) 

259(cpin);y-331x (2) 

276(cpm):y-290x (3) 

288(cpin):y»246x (4) 

Optimum frequency produced from sensory evaluation: 



40 



55 



60 



y=217x+270 



(5) 



wherein 

x: swing speed, and 

y: combined strain amount at the top 

By applying the expressions (1) to (5), an optimum 
^5 frequency for each swing speed can be found by calculation. 
The relation between the swing speeds and the optimum 
frequencies is as in the above Table 2. 

Meanwhile, when a ball is hit using a shaft having a 
certain frequency, an optimum frequency can be found from 
50 the amount of strain of the shaft at the top, and values for a 
shaft having 276 (cpm) are set forth in the following Table 
3 by way of example. 



TABLE 3 



Strain Amount at Top c) 


Optimum Frequency (q>m) 


580 


250 


870 


269 


1160 


278 


1450 


281 



65 



strain amount at top strain of shaft with 276 (qpm) 

Note that the swing speed may be replaced with swing 
time (time from the start of swinging till impact) or time 
from the start of swinging till the top of the swing. The 
swing speed described above is produced using the image- 
taking/recording system shown in FIG. 1 and the detection 
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device shown in FIG. 2, but the invention should not be 
taken limitatively, and a stop watch, a 8 mm video camera 
and a C-VHS video taping system (camcorder, CCD video 
or the like), or an optical sensor and a magnetic sensor may 
be used to produce the swing time. 

FIG. 11 is a diagram showing an embodimem using the 
optical sensor. In FIG. 11, a laser type optical sensor 2S is 
provided under the floor under the bottom (sole) of club head 
12. Before golfer 1 starts swinging, optical sensor 25 illu- 
minates the sole in its ON state, is turned off at the start of 
swinging, and is once again turned on when club head 12 
returns to the point for impact. Hme from the ON to the ON, 
in other words swing time is output to a counter 26. An 
optimum frequency is produced based on the swing time 
displayed at counter 26. Optimum frequencies for various 
swing time are set forth in T^ble 4. 

TABLE 4 



Swing Time (s) 


Optimum Frequency (cpm) 


1.70 


250 


1.46 


269 


1.22 


278 


0.98 


281 



In another embodiment, the acceleration of the head of a 
golf club from 0.1 second before till the top of the swing is 
found, and an optimum frequency for each acceleration may 
be produced. For detection, swing speeds produced from the 
detection device shown in FIG. 2 are expressed in a graph 
in time series, represented by means of first-order 
approximation, and the inclination (negative acceleration) 
may be produced. FIG. 12 is a graph showing swing speeds 
in time series, while FIG. 13 is a flow chart for use in 
illustration of the operation of detection means in yet 
another embodiment of the invention. FIG. 14 is a graph 
showing the relation between swing speed and acceleration. 

In this embodiment, as shown in FIG. 13, after input of 
data, swing speeds are expressed in a graph in time series, 
approximated by a linear expression, and the inclination is 
produced for comparison with the swing speeds. As shown 
in FIG. 14, in the relation between swing speed and accel- 
eration the coefficient of correlation is as high as 0.97, and 
the swing speed may be replaced with the acceleration. The 
first-order approximation straight line of swing speed and 
acceleration can be expressed as follows: 



>'=-11.7x+2,7 



TABLES 



Aooeleration (m/s^ 


Optimum Frequency (cpm) 


-20.7 


250 


-32.4 


269 


-44.1 


278 


-55.8 


281 



The above-described relation between each acceleration 
and the optimum frequency is stored in personal computer 
15 so that a shaft with an optimum flex for a golfer can be 
selected. 

FIG. 15 is a diagram showing another embodiment of the 
invention. In FIG. 15, accelerometer 31 is provided at the 
head of golf club 2, and the output of accelerometer 31 is 
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15 



20 



8 



output to an output meter 33 such as oscilloscope and FFT 
analyzer through a charge amplifier 32. An optimum fre- 
quency is produced based on an acceleration displayed at 
output meter 33. 

Lastly, the range of tolerance for swing time, swing speed, 
acceleration, shaft strain amount at the top, and optimum 
frequency found by experiments based on the invention are 
set forth in Tkble 6. 



TABLE 6 








Strain Amount of 










Shaft at Top » 










ratio of the amount 










of deformation in 




Swing 


Swing 




length after force is 


Optimum 


Time 


Speed 


Acceleration 


applied and before 


Frequency 


(5) 


(m/s) 


(m/s2) 


the force is applied) 


(cpm) 


1.6 ± 0.1 


2 ±0.2 


-21 ±2 


580 ± 50 


250 ± 5 


and more 


aad less 


and less 


and less 


and less 


1.6 t 0.1- 


2 ± 0.2- 


-21 ± 0.2- 


580 ± 5CK 


250 t 5~ 


1.4 * 0.1 


3 t 0.2 


-33 ± 2 


870 ± 50 


270 ±5 


1.4 t 0.1- 


3 1:0.2- 


-33 ± 2- 


870 t 50- 


270 ± 5- 


1.2 * 0.1 


4 ±0.2 


-44 ±2 


1160 ± 50 


280 ± 5 


1.2 * 0.1 


4 ±0.2 


-44 ±2 


1160 ± 50 


280 ±5 


and less 


and more 


and more 


and more 


and more 



strain amount at Cop -» strain amount of shaft with 276 (cpm) 

In another embodiment, swing speed and head speed 
produced using the image-taking/rccording system shown in 
FIG. 1 and the detection device shown in FIG. 2 are 
30 considered as items for selecting optimum flexes. 

FIG. 16 is a graph showing an embodiment for selecting 
an optimum flex found based on a swing speed, a head speed 
and a result of sensory evaluation. Note that the sensory 
evaluation is conducted by means of paired comparison test, 
35 subjects were selected among advanced players so that 
differences between flexes can accurately be evaluated by 
means of paired comparison test. 

The straight lines in FIG. 16 are expressed by y=ax+b, 
wherein 
40 x: swing speed (m/s) 
y: head speed (m/s), and 

a and b fall within the ranges represented by the following 
expressions. 



45 



An optimum frequency can be produced for each accel- 
eration. The relation between each acceleration and the 50 
optimum frequency is set forth in the following Table 5. 



Straight line SI 6. 10 ^--4.50 41.5^6^46.1 
Straight line S2:-6.10^fl^-4.50 46.1gb^50.7 
Straight line S3:-6.10^fli_4.50 59.3^6^63.9 
Straight Hoe S4>6.10SaS-4.50 63.9£2iS68.S 



(7) 
(8) 
(9) 
(10) 



Note that the above straight lines in FIG. 16 are expressed 
i follows: 



55 



Straight line SI: y"-5.30jr+43.8 
Straight line S2: y— 5.30x448.4 
Straight line S3: y— 5.30^+61.6 
Straight line S4: y=-5.3Qx+66.2 



(11) 
(12) 
(13) 
(14) 



As a result, in the embodiment shown in FIG. 16, detec- 
60 tion of the swing speed and head speed at impact of a golfer 
makes it possible to select a golf club having a shaft with a 
flex the easiest to time or hit for the golfer. 

In another embodiment, head speeds and strain amounts 
at top produced from the image-taking/recording system 
65 shown in FIG. 1 and the detection devices shown in FIGS. 
2 and 7 are considered as items for selection of optimum 
flexes. 
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FIG. 17 is a graph showing an embodiment for selecting 
an oplimum flex based on a strain amount al top, a head 
speed and a result of sensory evaluation. Note thai the shaft 
used had a frequency of 276 (cpm). 

The sensory evaluation was conducted by means of paired 
comparison test, and subjects were selected among 
advanced players capable of accurately evaluating differ- 
ences between flexes. 

The straight lines shown in FIG. 17 are expressed by 
yoax+b, wherein 

x: shaft strain amount at top (/<e) 

y: head speed (m/s), 
and a and b fall within the following ranges: 

Straight line HI: -2.10*10-^^a^-1.55M0-2 41.5g!>^46.1 (15) 

Straight line H2: -l.lQ'lQ-^^a ^-1,55*10'^ 46.1 §fc§50.7 (16) 

Straight line H3: -2.10*10-^^a^-1.55*10-^ 59.3^6563.9 (17) 

Straight line H4: -2.1Q*10-'SflS-l,55*10-^ 63.9S6S68.5 (18) 

Note that in RG. 17, the above straight lines are expressed 



by the following expressions. 

Straight line HI: 1.83*10-^jc+43.8 (19) 

Straight line H2: y— 1 .83- 10-2x+48.4 (20) 

Straight line H3: ^-1.83*30-^+61.6 (21) 

Straight line H4: 1 .83* 30-^+66.2 (22) 



Further in another embodiment, swing time and a head 
speed produced from the image-taking/recording system 
shown in FIG. 1 and the detection device shown in FIG. 2 
are considered as selection items for optimum flexes. 

FIG. 18 is a graph showing an embodiment for selecting 
an optimum flex based on swing time, a head speed and a 
result of sensory evaluation. Also in this embodiment, the 
sensory evaluation was conducted by means of paired com- 
parison test and subjects were selected among advanced 
players capable of accurately evaluating differences between 
the flexes. 

The straight line in FIG. 18 is expressed by y^ax+b, 
wherein 

x: swing time (s) 

y: head speed (m/s), and a and b fall within the following 



ranges: 




Straight line Jlr 16.1 SaS 21.8 -7.46^6^9.46 


(23) 


Straight line J2: 16.1^0^21.8 -3.54^6^14.1 


(24) 


Straight line J3: 16.1 ^a^21.8 9.66^6i27.3 


(25) 


Straight line J4: 16.1iag21.8 34.3^6^31.9 


(26) 


Note that in FIG. 18 the above straight lines are expressed 


by the following expressions. 




Straight line Jl: y-18.9jr+0.72 


(27) 


Straight line J2: >>-18.9jr+5.32 


(28) 


Straight line J3: >r-18.9jr4l85 


(29) 


Straight line J4: ;'«18.9jr-f23.1 


(30) 



Further in another embodiment, an acceleration and a 
head speed produced from the image-taking/recording sys- 
tem shown in FIG. 1 and the detection device shown in FIG. 
2 are considered as items for selecting optimum flexes. 



11,417 
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FIG. 19 is a graph showing the embodiment for selecting 
optimum flexes based on an acceleration, a head speed and 
a result of-sensory evaluation. In this embodiment, the 
sensory evaluation was conducted by means of paired com- 
5 parison test, and subjects were selected among advanced 
players capable of accurately evaluating differences between 
flexes. 

The straight lines shown in FIG. 19 are expressed by 
yeax+b, wherein 
10 x: acceleration (m/s^) 

y: bead speed (m/s), and a and b fall within the following 



ranges: 

Straight line Kl: 0.38 §0.51 40.5^6^45.4 (31) 

Straight line K2: 0.38^a§0.51 45.1^6^49.9 (32) 

Straight line K3: 0.38§a§0.5l 58.3^6^63.2 (33) 

Straight line K4: 0.38 §a §0.51 62.9 §6^ 67.8 (34) 
20 . 

Note that in FIG. 19 the above straight lines are repre- 
sented by the following expressions: 

Straight line Kl: y-0.44x+42.9 (35) 

25 Straight line K2: y«0.44ar+47.5 (36) 

Straight line K3: >-0.44x-f 60.7 (37) 

straight line K4: ;vo0.44x+65.3 (38) 



30 FIG. 20 shows another embodiment of the invention. In 
this embodiment, the maximum strain amount of a shaft 
when a golfer 30 swings a golf club 31 is detected using a 
strain gauge 34 attached at a position 340 mm from a grip 
end 33, and the detected strain amount is displayed at the 

35 indicator of a selecting device 35. 

Although strain gauge 34 is attached at the position 340 
mm from grip end 33, it is preferable to attach the gauge at 
a position about 260 mm-5(X) mm from grip end 33 in order 
to obtain a larger strain value. 

40 Also in this embodiment, the strain gauge was attached in 
a single direction along the direction of the body, an addi- 
tional strain gauge may be attached in the direction of a shot, 
and a combined strain amount along these two directions 
may be detected. 

45 FIG. 21 is a block diagram specifically showing selecting 
device 35 in FIG. 20. In FIG. 21, the output of strain gauge 
34 is applied to amplifier 41 for amplification, then provided 
to a 10 Hz low-pass filter 42 and removed of its waveform 
after impact. The output of low-pass filter 42 is applied to an 

50 A-D converter 43 and digitized into a digital signal to be 
latched by a data latch 44. The data latched by data latch 44 
is indicated at a 7-segment indicator 45. The data latched by 
data latch 44 is reset in response to an operation of a reset 
switch 46. 

55 FIG. 22 is an overview showing selecting device 35 
attached at the grip shown in FIG. 20. In FIG. 22, 7-segment 
indicator 45 and reset switch 46 are attached on a surface of 
selecting device 35, and a power supply switch 47 is 
provided on a side. In selecting device 35, amplifier 41, 

60 low-pass filter 42, A-D converter 3, data latch 44 and a 
battery all mounted on a printed circuit board are 
accommodated, and selecting device 35 is attached at grip 
31 with a band or the like. 

FIGS. 23 and 24 are flow charts for use in illustration of 

65 the operation of another embodiment of the invention, and 
FIG. 25 is a graph showing the relation between measured 
strain amount and time in this embodiment. 
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Referring to FIGS. 21 to 25, the operation of another 
embodiment will be described. Golfer 30 turns on the power 
supply operating power supply switch 47, confirms if 0 is 
indicated at 7-segment indicator 45, and operates reset 
switch 46 to reset data latch 44 if 0 is not indicated. Golfer 
30 then swings golf club 31. Strain gauge 34 outputs a 
voltage corresponding to the strain of shaft 32 created by the 
swinging, the voltage is amplified by amplifier 41, only a 
low-frequency component of the amplified voltage is 
extracted by low-pass filter 2, and the extracted component 
is converted into a digital signal by A-D converter 43 to be 
latched by data latch 44. If data is not normally latched by 
data latch 44, golfer 30 operates reset switch 46 to reset data 
latch 44. If data is normally latched by data latch 44, the data 
is indicated at 7-segment indicator 45, For another swinging, 
reset switch 46 is operated, and power supply switch 47 is 
turned off upon completion. 

Referring to FIG. 24, the operation of indicating data at 
7-segment indicator 45 will be described. Strain is detected 
by strain gauge 34, the data is latched by data latch 44, and 
then it is determined if the data is larger than the previous 
one. If the strain is larger than the previous one, it is then 
determined if the data is above a set value 7. If it is above 
the set value 7, 7 is indicated at 7-segment indicator. If the 
data is not above the set value 7, it is then determined if the 
data is above a set value 6, and if it is above the value, 6 is 
indicated. If it is not above the value, it is then determined 
if the data is above a set value 5. If the data is above the set 
value 5, 5 is indicated and if not, it is then determined if the 
data is above a set value 4. If it is above the value, 4 is 
indicated. If not, it is then determined if the data is above a 
set value 3, If it is above 3, 3 is indicated, and if not, it is then 
determined if the data is above a set value 2. If it is above 
the value, 2 is indicated, and if not it is then determined if 
the data is above a set value 1. If it is above the value, 1 is 
indicated, and if not 0 is indicated. These values 0 to 7 
correspond to the strain amounts shown in FIG. 25. More 
specifically, a maximum value for strain is set to 7, and 
smaller strains are indicated by 6, 5, 4, ... . 

Industrial Applicability of the Invention 

As in the foregoing, according to the present invention, 
measuring any of swing time, swing speed, acceleration and 
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shaft strain for individual golfers or measuring head speed in 
addition to these items makes it possible to select a golf club 
having a shaft with a flex the easiest to time or hit for each 
golfer. 

What is claimed is: 

1. A shaft selection apparatus for selecting a golf club 
shaft having an optimum flex for a golfer, comprising: 

a selecting unit having a housing attached to the shaft of 
the golf club, and a strain measurement device within 
the housing for measuring the amount of strain or 
deflection of the shaft; and 

a display unit visibly located on the housing and coupled 
to the strain measurement device for displaying a 
numerical value representing the amount of strain or 
deflection detected by the strain measurement device as 
the golfer swings the golf club; and 

a speed detecting unit for detecting the speed of the head 
of said golf club immediately before impact with a golf 
ball, 

whereby the golfer is enabled to identify a club having an 
optimum flex based on the numerically displayed value 
and the detected speed of the club head. 

2. A method for selecting a golf club suitable to the swing 
of a particular golfer, comprising: 

swinging, by the particular golfer, a club having affixed 
thereto a selection unit having a housing enclosing a 
strain measurement device for measuring a strain or 
deflection amount of the club as the golfer swings the 
golf club to the top of a swing; 

visibly displaying at the housing a numerical value rep- 
resenting the maximum amotmt of strain or deflection 
detected by the strain measurement device during the 
swing; 

measuring the speed of the head of said golf club imme- 
diately before impact with a golf ball; and 

selecting a club suitable to the particular golfer based at 
least on the numerically displayed value and the mea- 
sured speed of the club head. 
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